Borohydride ligands featuring multiple pendant donor functionalities have been prevalent in the chemical literature for many decades now. More recent times has seen their development into new families of so-called soft scorpionates, for example, those featuring sulfur based donors. Despite all of these developments, those ligands containing just one pendant group are rare. This article explores one ligand family based on the 2-mercaptopyridine heterocycle. The coordination chemistry of the monosubstituted ligand, [H 3 B(mp)] − (mp = 2-mercaptopyridyl), has been explored. Reaction of Na[BH 3 (mp)] with one equivalent of Cu (I) Cl in the presence of either triphenylphosphine or tricyclohexylphosphine co-ligands leads to the formation of [Cu{H 3 B(mp)}(PR 3 )] (R = Ph, 1; Cy, 2), respectively. Structural characterization confirms a κ 3 -S,H,H coordination mode for the borohydride-based ligand within 1 and 2, involving a dihydroborate bridging interaction (BH 2 Cu) with the copper centers.
Introduction
The coordination chemistry of borohydride and substituted borohydride units with transition metals has been a major focus of research over many decades now [1] [2] [3] [4] [5] [6] [7] [8] [9] . One particular focus of research has been on substituted borohydride units attached to other donor functional groups. This gave rise to a research area known as "scorpionate chemistry", where the borohydride moiety is typically substituted by two or more pyrazolyl rings, thus forming multidentate ligand systems. This area of research has provided an expansive and fascinating array of compounds with wide ranging applications. These have been explored in homogeneous catalysis and bioinorganic chemistry, for example [10] [11] [12] [13] [14] [15] [16] . In many examples, the borohydride unit is positioned away from the metal center, playing a spectator role within the complex. The polyprazolylborates, for example, are known as "octahedral enforcers", furnishing highly rigid stable complexes.
More recent developments, have led to new generations of ligand systems, where the borohydride unit is positioned in direct contact with the metal center. In some cases these can undergo direct transformations at the boron center ( Figure 1 ) [17] [18] [19] [20] [21] [22] . This occurs when an additional atom is incorporated between the boron and donor atom. The publication of this new generation of more "flexible scorpionates" opened up a new area of research with respect to the formation of Z-type ligands [17] [18] [19] [20] [21] [22] . This revolutionized the field and altered the perspective on the coordination chemistry of such ligands. The first of the more flexible scorpionate ligands was [Tm] − [hydrotris(methylimidazolyl)borate] (Figure 1; middle) [23] . This new ligand had two major Over the following twenty years since the first report of hydride migration from the boron center of a scorpionate ligand, a number of research groups have focused on new, more flexible borohydride ligands containing a range of supporting units based on nitrogen [28] [29] [30] [31] and other sulfur heterocycles [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] . As part of our research, we have focused on providing new derivative ligand systems. In 2009, we introduced a new family of flexible scorpionate ligands derived from the 2-mercaptopyridine heterocycle [36] . This original report provided a borohydride-based ligand substituted by two and three of these heterocycles. Last year, we extended this family to include the monosubstitued ligand, [H3B(mp)] − (where mp = 2-mercaptopyridyl; Figure 2 ) [37] . Herein, we report the synthesis and characterization of the first copper complexes containing this new ligand. The complexes have been structurally characterized and compared to related complexes. 
Results and Discussion

Synthesis and Characterization of Copper Complexes
The coordination chemistry of [H3B(mp)] − is limited to one example to date. The complex [Rh{κ 3 -B,H,H-H3B(mp)}(NBD)] (where NBD = 2,5-norbornadiene), was reported by us in 2018 [37] . Accordingly, we set out to prepare some further examples of complexes containing this ligand. We have previously synthesized a series of copper(I) complexes containing the bis-and tris-substituted derivatives [36] . A similar synthetic protocol was, therefore, undertaken to prepare the complexes, [Cu{H3B(mp)}(PR3)] (R = Ph, 1; Cy, 2), as shown in Scheme 1. These complexes were readily prepared by reaction of one equivalent of Na[H3B(mp)] with one equivalent of CuCl in the presence of a stoichiometric amount of the corresponding phosphine co-ligand. The reactions were performed in methanol solvent, from which the products precipitated out as yellow solids. Over the following twenty years since the first report of hydride migration from the boron center of a scorpionate ligand, a number of research groups have focused on new, more flexible borohydride ligands containing a range of supporting units based on nitrogen [28] [29] [30] [31] and other sulfur heterocycles [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] . As part of our research, we have focused on providing new derivative ligand systems. In 2009, we introduced a new family of flexible scorpionate ligands derived from the 2-mercaptopyridine heterocycle [36] . This original report provided a borohydride-based ligand substituted by two and three of these heterocycles. Last year, we extended this family to include the monosubstitued ligand, [H 3 B(mp)] − (where mp = 2-mercaptopyridyl; Figure 2 ) [37] . Herein, we report the synthesis and characterization of the first copper complexes containing this new ligand. The complexes have been structurally characterized and compared to related complexes.
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Structural Characterization of Copper Complexes
Single crystals of complexes 1 and 2, suitable for X-ray crystallography, were obtained from slow evaporation of the solvent from diethyl ether-methanol (1:1) mixtures. The molecular structures of these complexes are shown in Figure 3 . Selected bond distances and angles for these complexes are shown in Table 2 , along with those for [Cu{H 2 B(mp) 2 The solid state structures confirmed that the BH 3 unit was bound to the copper center via a BH 2 Cu bridging mode. This is, therefore, consistent with the IR spectroscopic data. The BH 2 Cu mode can either be considered as two separate B-H agostic type interactions (η 2 ,η 2 ) or as a three-centered dihydroborate interaction [1] [2] [3] [4] . This coordination mode in the mono-substituted ligand allows for a different morphology about the copper center in comparison to that found in complex 3 [36] . If the hydrogen substituents are ignored and the boron center of the BH 3 unit is considered as the site of coordination at the copper, then the geometries around the metal center are highly distorted trigonal planar structures. In both cases, if a plane is defined by the atoms P(1), B(1), and S(1), then the copper center sits in a position that is very close to this plane. The distance of the copper center from these planes is 0.062(7) Å for 1 and 0.019(6) Å for 2. The sums of the aforementioned angles are very close to the idealized 360 • . The ligand forms a six-membered ring where it links to the copper via the sulfur donor and the hydrogen substituents at boron. Whilst the BH 2 Cu interaction does not appear to be strong in solution, it appears that the BH 3 unit is held in close proximity to the metal center via the mercaptopyridine supporting unit. In the case of [Cu{κ 3 -S,S,H-H 2 B(mp) 2 }PPh 3 ], a distorted geometry between tetrahedral and trigonal pyramidal is observed as demonstrated by the sum of the same angles, which is 350.4 • . In this complex, two six-membered rings are formed as a result of the κ 3 -S,S,H coordination mode. In the absence of the BHCu interaction, this would have led to formation of one eight membered ring. The B-N and C-S distances within the complexes are of interest in order to explore the extent of different resonance forms within the [H3B(mp)] − ligand. The ligand can be described as a thiopyridone species forming a borohydride entity (Figure 4, left) , or as a pyridine-2-thiolate forming a borane adduct (Figure 4, right) . As can be observed in Table 2 , the B-N and C-S distances vary significantly within the disordered components of the complexes. For example, in complex 1 the C(1)-S(1) distances are 1.7515(17) Å (for the major component of disorder) and 1.722(2) Å (for the minor). The former represents a significant difference in bond order between single and double bond character. It is interesting to note that the corresponding distances in the previously reported complex, [Cu{H2B(mp)2}PPh3], are shorter, suggesting a more double-bonded character in the bis-substituted ligand. 
Materials and Methods
General Remarks
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The syntheses of the complexes were carried out using standard Schlenk techniques. Solvents were sources as extra dry from "Acros Organics" (Morris Plains, NJ, USA) and were stored over either 4 Å or 3 Å molecular sieves. The NMR solvent, CDCl3, was stored in Young's ampule over 4 Å molecular sieves, under a N2 atmosphere and was degassed through freeze-thaw cycles prior to use. Reagents were used as purchased from commercial sources. The ligand Na[H3B(mp)] [36] was synthesized according to standard literature procedures. NMR spectroscopy experiments were conducted on a Bruker 400 MHz AscendTM 400 spectrometer (Billerica, MA, USA). All spectra were referenced internally, to the residual protic solvent ( 1 H) or the signals of the solvent ( 13 C). Proton ( 1 H) and carbon ( 13 C) assignments were further supported by heteronuclear single-quantum correlation spectroscopy (HSQC), heteronuclear multiple-bond correlation spectroscopy (HMBC), and correlation spectroscopy (COSY) two-dimensional correlation NMR experiments. The symbol "τ" is used to represent an apparent triplet, where the resonance is expected to be a "dd". In these cases, 
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Crystallography
Single-crystal X-ray diffraction studies of complexes 1 and 2 were undertaken at the U.K. National Crystallography Service (NCS) at the University of Southampton [50] . Single crystals of each of the complexes were obtained by allowing a 1:1 mixture of methanol and diethyl ether to slowly evaporate at room temperature. For each sample, single crystal was mounted on a MITIGEN holder in perfluoroether oil on a Rigaku FRE+ equipped with HF Varimax confocal mirrors and an AFC11 goniometer and HyPix 6000 detector. The data for the crystals was collected at T = 100(2) K. Data were collected and processed via standard protocols. Empirical absorption corrections were carried out using CrysAlisPro [51] . The structures were solved by Intrinsic Phasing using the ShelXT structure solution program [52] and refined on F o 2 by full-matrix least squares refinement with version 2018/3
of ShelXL [53] , as implemented in Olex2 [54] . All hydrogen atom positions, with the exception of those at boron, were calculated geometrically and refined using the riding model. Crystal Data for 1. C 23 . A summary of the crystallographic data collection parameters and refinement details for the complexes are presented in the supplementary information. Anisotropic parameters, bond lengths, and (torsion) angles for these structures are available from the CIF files, which have been deposited with the Cambridge Crystallographic Data Centre and given the following deposition numbers, 1922838 (1) and 1922839 (2) . These data can be obtained free of charge from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif.
Conclusions
The synthesis and characterization of the first examples of copper complexes containing the mono-substituted borohydride ligand, [H 3 B(mp)] − , have been reported. These add to the family of ligands in which the bis-and tri-substituted versions have previously been reported. Mono-substituted soft borohydride derivatives are a rare class of compound and these examples are an interesting addition to the family. The new complexes were also structurally characterized by X-ray crystallography, which confirmed the κ 3 -S,H,H coordination mode where the BH 3 unit coordinated via a BH 2 Cu bridging mode. The spectroscopic data appears to suggest the coordination of this unit to the metal center is weak in the case of copper. This is in contrast to a much stronger interaction that was found in the previously reported complex, [Rh{κ 3 -H,H,S-H 3 B(mp)}(NBD)]. The additional knowledge on the coordination chemistry of mono-substituted ligand systems, particularly the nature of the BH 2 Cu bridging mode, is of value.
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